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Basophilic stippling of the circulating erythrocytes is characteristic of the Mongolian gerbil. Its enzymatic digestion along with the concomitant removal of diffuse erythrocytic polychromasia by the action of ribonuclease demonstrates that it represents microscopically visible aggregates of cytoplasmic ribonucleoprotein, presumably of ribosomal origin. Up to 40% of the total circulating erythrocytes may be stippled in foetal and newborn animals. There is then a progressive decline in incidence until adult levels are attained at least by 20 weeks of age. The bone marrow of the adult gerbil contains a higher proportion of stippled red cells than the circulating blood. The stippling can be either coarse or fine and observable in both polychromatophilic and orthochromic cells. It is suggested that erythrocytes with basophilic stippling are relatively immature red cells still demonstrating remnants of cytoplasmic ribonucleoprotein.
The Mongolian gerbil (Meriones unguiculatus), a rodent recently recognized as having considerable potential for laboratory studies, has been shown to have some rather unusual characteristics of its cellular blood picture. Among these findings have been a sexual dimorphism in the levels of circulating leucocytes as well as the frequent occurrence of prominent basophilic stippling in the erythrocytes.
This stippling has been noted and investigated by several workers but has never been definitively characterized (Najarian, 1961; Ruhren, 1965; Dillon & Glomski, 1975a) . The present study was directed towards a more complete understanding of the morphologic, histochemical, quantitative and developmental aspects of this cytologic feature.
MATERIALS AND METHODS
The incidence of erythrocytes with basophilic stippling was studied in 97 healthy Mongolian gerbils (Meriones unguiculatus).
The ages of animals included 24 day-old foetuses, newborns, 1 week, 2 week, 3 week, young adults (20 weeks) and stock breeders.
The number of subjects per group is incl"uded in Table 1 . Blood smears were prepared from cardiac blood in the foetuses, from freely flowing blood from incised subclavian and adjacent vessels in the 1 and 2 week old subjects and from the retro-orbital sinus in all other instances. The blood was collected in capillary tubes and used to prepare dry film smears. The femoral bone marrow of 10 randomly selected sacrificed gerbils was obtained by dissecting a right femur free of adherent tissues and opening the shaft longitudinally.
The marrow was removed with a scalpel and gently mixed in a drop or two of serum.
Air dried smears were prepared from these suspensions.
The blood and bone marrow films were stained with May-GrUnewald stain (4 min) and buffered with an equal volume of Giemsa stain (diluted 1:10 in distilled water) for 6 min. 1000 erythrocytes were examined per gerbil and the numbers of stippled and polychromatophilic cells, cells with Howell-Jolly bodies and circulating normoblasts were recorded.
When feasible the erythrocytic mean corpuscular volume was determined electronically (Coulter Counter, Model S; Coulter Electronics Tnc., 530 West 20th Street, Hialeah, Florida 33010, U.S.A.).
Blood smears were also prepared by the coverslip method from an additional 16 newborns from 5 litters, 5 foetuses (22 mm crown-rump length, approximately 22 days gestation) and several older animals.
They were fixed for 10-20 min in absolute methanol.
One coverslip from each animal was placed into a phosphate buffered (pH 6'8) 0,5 % ribonuclease A solution (bovine pancreas, 63 units/mg) while the other was placed into the buffered solution without the enzyme. Both coverslips were incubated simultaneously for 3 hours at 37°C and then stained with the May-Griinewald-Giemsa mixture.
RESULTS
The mean values and standard deviations for stippled erythrocytes in the peripheral blood of gerbils of various ages as well as related data are presented in Table I .
It can be seen that the greatest number of stippled cells are observed in foetuses and newborns (approximately 40 % of circulating erythroid elements).
The incidence thereafter decreases so that by young adulthood (20 weeks) this number is about 4 %. This value is not statistically different from that observed in established adult breeders. The frequency of thtS~stippled cells in the adult bone marrow is approximately 5 times that observed in perpheral blood.
Concomitant with this age-related decline in the incidence of red cell stippling is a decrease in the numbers of polychroma- tophilic erythrocytes, cells with Howell-Jolly bodies and circulating normoblasts as well as a diminution in the red cell mean corpuscular volume.
Exposure of peripheral blood smears from pre-and postnatal animals to the digestive action of ribonuclease resulted in the removal of all basophilic stippling as well as diffuse polychromasia.
As might be anticipated, Howell-Jolly bodies (deoxyribonucleoprotein) remained unaffected by this treatment.
DISCUSSION
The frequent occurrence of discrete particulate basophilic stippling in circulating erythrocytes is a consistent feature of the blood of the Mongolian gerbil (Fig. 1) . Najarian (1961) felt that Haemobartonella, a blood-borne parasite, was responsible for the stippled appearance of some gerbil red cells. Ruhren (1965) recognized the cells, quantitated their incidence in 2, 7 and 13 month gerbils, and attempted to characterize the stippling histochemically.
His studies resulted in the demonstration that the basophilic particles were both Feulgen-and iron-negative. Fig. 1 . Blood smear of a newborn gerbil. The high incidence of stippled erythrocytes at this age is demonstrated. Both fine and coarse basophilic stippling are present. May-Gri.inewald-Giemsa stain. Line represents JO J.lm. Whitby & Britton (1933) pointed out that to Hawes (1909) belongs the credit for suggesting that both stippled and polychromatophilic mammalian erythrocytes are immature cells, a concept they also supported. Dustin (1943) noted that stippling as well as polychromasia as seen in Romanowsky-stained smears was eliminated by the digestive action of ribonuclease.
In addition, Bessis & Breton-Gorius (1964) similarly concluded on the basis of their ultrastructural studies in the rat that ribonucleoprotein was responsible for this staining characteristic.
In the present study basophilic stippling as well as diffuse polychromasia was effectively removed from erythrocytes in animals of all ages. If basophilic stippling is to be considered a property of immature red cells then one would expect that such erythroid elements would be more numerous in the bone marrow than in the blood.
This indeed proved to be the case in our experience. Support for the concept of immaturity is also generated by the circumstantial evidence that stippled cells tend to be most numerous at the same times that polychromatophilic cells demonstrate their highest levels. Tn addition, the concomitant decrease in circulating normoblasts, frequency of Howell-Jolly bodies and decrease in erythrocytic mean corpuscular volume when considered with a similar decreased incidence of stippled cells suggests a maturing population of erythrocytes in the circulation.
Fine and coarse stippling could be seen most frequently in cells with a background of polychromasia but also in orthochromatic red cells. It is also noted that the incidence of basophilic stippling can vary within limits from animal to animal of the same age (Ruhren, 1965; Dillon & Glomski, 19750) . This may also reflect the requirements of specific pH or other related factors for optimal presentation of this cytologic feature.
The coarsest stippling was seen in orthochromic erythrocytes. This is in accord with the observations of Campbell (1972) who described the aggregation and packaging of large numbers of ribosomes prior to their extrusion from maturing guinea-pig red cells.
Basophilic stippling, therefore, would seem to be a characteristic feature of immature, red cells in healthy gerbils of all ages. The continuous presence of stippled and polychromatophilic cells in the adult gerbil may reflect the recognized brief red-cell life-span (Dillon & Glomski, 1975b) or a possible short emergence time from the bone marrow.
Conversely, this feature of gerbil erythrocytes may signify a greater propensity for ribosomal aggregation than in other species or a greater cytochemical affinity for the basic component of Romanowsky-type stains.
